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Spectroscopy and Spectral Analysis

it

s
mE

ETMUEREEHNERMAHEZEEGD

%*

JEHEY . o M. MEA. OB KEE, KERE, F

PN Sty Al DR 2 B 5 BRI BR BT 24 B . NS A X LB S 5RO BT IR SRR & . NSRRI AR 010018

G:o)
=

1 LEA PGS B AR XY 35 o 04T 920 L B RGS W, A B FAEW AR 45 B DR B 7™ £ RN D 1 5%
VY, R ERR R, I E N A AR AR A S R BRI T — R R AR . OGS SR U AT R
I £ 28 SIS A DU 1) TR LR AR . SR T2 B IR A SN FEAE AL LA I SE i A IS SRR R R, O T —
B G e BT A VR P v R SR R A B I BT PR BB ) AU . T 2020 AEFE PSR R KRR R SR X
I AT S ) R0 B 1 B R0 . 7E ORI DU A G B A A I 0 AR BT B A o i S ST SR G R (E, oy
FEF TR S HR BOR i i S E Y 06 R T IR E AT ORI TR R UL Ak R PE MY . A5 AR, AT I I T
BOLSIE RS M A e R A R W R0 . AT A 58 09 2 T 1 ARG )6 3% 385 B0 K 0 11 XS A
S 2RI A I AR B 2, Tl 0 i 3 B T R A . 3k T AR R VR A 1 T B S R
O BT T ORISR SOk R R 2 A A 0 o 0 R R RS M, 3 T O AR R R Ak = A T R R AR
(OTVD ., b2 2 0 B4y 48 £ COCAD FE Ak B0 17 AU — b 22 fH 8 50 (ONDDA) £ A [f) 4= 1 1] F b
HIBIFZE B TR 3 95 B A B 5 A A 2 S A I B8 . Al IR TR Y e R R®OAE 0.94~0.99 Z ],
Sk = I8 HE B 48 B COTVD R 6 v 4 38 W FR 43 46 250 COCAD A8 B AR £k %00 T R H — 1k 22 1H 48 2K
(ONDDA) 7 i U 5 KR 6] 4 B B i 5 i 2 2% 3 o 5 ThD o0 SR e LI ASE A4 36 IF 45 R 1 oo REL R
0.94, I HIGIERZ & /N, RMSE fil NRMSEY 43l & 2. 29%, 3.94 % , 5B Ak i {5 55 52 0 {8 %) 56 3F 48k o

Vol. 42,No. 3,pp924-932
March, 2022

0.996. $EiT 1,

KEIR ERMA; MR EE;
FESHES: S127

DRI T
NEtFRIRED: A

5l

Tl

MR R R RO L RE R AR, B
Yot A 1E IR Iy, i 2R RS AR IR MO A AR .
YA ™ 1 BRBEAN IR0 WA I T AR AR, SRR 2R A
AT AR AR T M B A R IR A 6 6
o BRI T LW A A E R A ROR B R M
it 00 I e 2 R X T 0 AT £ B R A 7 SRR I
4 Bt PR TR S B AR B SRR BN T i, BT
TR S S5 Y R O 1 B R B R 22 Y T T AN I R R R
I ELAR AR 2 200 2R T e A i Rl R R TR 2wl
AR A HCep LTl MRl AR RS R A 1Y T BRI 3 R R
X I 3 RO SRS

S EHI: 2021-02-28, 1&iTHHA: 2021-05-14

25 Bk . ONDDA 2 —A> 52 FT HGE & TR A 7] A= 3 A 30 i i I 38k 4 D ARG 15 4 48

DOI: 10. 3964/j. issn. 1000-0593(2022)03-0924-09

R[] £ v R S T 4 OO Tk R e R O R 2 A LAl
MEE S BT =ML E N =AM HERTVD B4
BRI T R R R S, R e SR T ' m
RS, REHE R KB, B & B L = MY e 5%
(MTVIL, MTVI2) p$ . e T i 5 38 & 8 5 T i
MIMGH T Z AT ARG, EARNESEY. ETHaR
WA T AR B B ol Kim 45 38 2o Ay 282 45 36 IR L 48
B(CARD M2 1. ZJ5 . N T IHBR KT 5O BH G BUR
5626 S R AR, % CART 18 B0k 17 A B 449 18 1E i Bl
b A4 T8 I NG fh 2 2 WOl (B 4R SO R
5t 2 I AR R, R ISR SR TR 2 A 3K W i 1T R
FEHOF 46 4 /N2 R TR B0 A& R R 4 3R
FRUT ST PO A e AT 2 i B O TR O i IR
BB TP AE F7 . Malenovsk 4558 i 4 J5 4R 6 1% IR 17 % 25 4¢

EEWMAB: R T=H"E S0 kX3 H (2018YFD0800805) % /K 2 i 77 B AR A& k. 45 7K Fn 7K NE K o o8 45 R FH 86 R 0F 98 5 7R i B
(KJXM-EEDS-2020010-02) , &5 4L PN 22 7 [ 36 X B JE 3 A4 B #2264 AT H (CYYC10043) % By

TEFEB . FEuk . 1997 4, SN AR R 2 0 J5U 55 B U B 058 2 g A0 1 F 5 A

x IR &

e-mail: Lifei@imau. edu. cn

e-mail: tangyuzhe9702@163. com



%3

JE VTS . T AL T BG4 B oK R i A S 925

FBR T R T WA — L TB R e H . 7R A R O 2
GEF S BN A RO BR T SRR 2R e 2 B 4 5
Feng 555 JFUE 6 1% 95 28 04T — B 5 450748 46 J A0 ot 1) L0
TR 22 548 80 (DIDA) . S T B HE 3645 £k (RIDA) DL K B Ig
T AT — 4k 25 {95 B (NDDA) i 5 59 45 I 7 & /N2 M 5 R e
FENT, IF H R B — B S B 5 B 4001 55 0 e SRk BE e R A
XKy FWELF BRI T RDG R BT R A T AR R
EE /G

MABRC ARG T2 MEN SR 5 &0 EBOLEE
o, B — B WA RSN, B Rk 2 H T FR R 202 8 i [F
FE Y B0 AA 2 A I ELANGE T 2 e AR S XA B R AR A A
TR AEY AN, R X . S [ AE B AOR W) A
R E A A R ST R T OB OGRS S A 3 5
Delegido %5 & I Bt A0 B AR T 05 — 1 11 B S 59 R 2k 45
HNAOO ., ZELAEM A L RB T 50 b K&
HREBENEMERR, BE T HBDCREIE BE AR R EY 2
TR M . Li 206 = AR R B CTVD 5 0 10 5809k 40 25
G BB ZATREER B OTVD, RIEMMAET TR
[ b DX R A T AT A 4 /N 22 R PR R R, TR B T Dk
B AR B0 AS TR A= 1 B 300 0K [R] X p) E st

TR EB R ARAEY . MR SR S R
BT F FoR AT NS LA EEE X, Rim, #
FORARE K & T RS 3 A A B B R S o A
o ARSI R 2 B A A A B B A AR X A
TEIE R . UL, AWF5E 0 H B2 H A LR TR B ik 1
T BUE IS HE R, IR I B AT AE Al I B B R AS [R] A 01 R b o5
B R R S e R AR . BFETF & — R R ORI
BEE A S WA W R R PR S B, ok
JE W R I R I 25 bR O Y 3 JER A R 4R 4 TS K A D
AR I HE,

e

1.1 RIEEt

T 2020 AFEHAT T 3 A TR H A5, A9 A R s
T S BN E R T W g (1R

WIS 176 O W/ i H 34T, Bl Rl o B 12,
BAPNKEH 65 m> (K 10m, $56.5m), WENAEL. K
/N BEOLHESI AR & . i 7 AR R KT, BRI
0, 54, 126, 180, 234, 360 Fl 400 kg N « ha ', 7£ 4l i 4
(VDT e, HBH R 37,

I 2 76 O Z WUR T SRR AT AT . Bl Fh o e
1225, /NX AL 55 m* (K 11 m, 985 m), WENANEE, A
AN BEHLHRS . i 6 A AP, A i o g2 0, 90,
180, 234, 306 F1400 kg « N« ha ', A BI7EIR T HI(VE) . Fou
WUE I CVI2) | Sl (VD #ATIE AL, HE 333 1,

WO 3 7E 5 2 48 M0 48 A AT AT, L A A o e
1331, MXER 70 M (K 10m, FE7m), REWNAEE, £
N BEALHES] . FEie 4 A F AL PR, A i 4 a2 0, 120,
150 1 220 kg « N« ha ', & o 56 0 B 00 I A IS — 1k

M, TEMHE (VD #7808, 3Bl 3: 7,
1.2 WEMBSAE

KA AR AL B 7 BRI IR I CVE) L Kl
(V12) . B VT ATEL 28] (R3O 3EAT I A 3 22 AECRE 5 ik
T — 43 A AE K A RIS 0T R 10T Ll 00 R L R
15 B R OT 5 I RE R A 5 R 30 = 4 S FE oK i Kl i b
il 30 R LD R AT A TR A 5 IR = AHE R K A il A B
AT BRI 5 IR R A, 72 =AM i ik R AR R AR N, 1y
FERAEN 5 G AE BRI i iy SPAD fH .

JCIEHCE SRR E KM G S S A 2 A 36
SPECTRAL EVOLUTION 7\ @] 4= = iy PSR-3500 4> ¥ i T
T YOG AR, HACES A O % Y5 B Dl 350~2 500 nm,
Hi I RER 1 nm, AN X GEBR R MR =M (5 3230
FEVR T4 v R e Je Bt i iy v R AL, I EL AR TIE s I i ik X
W, W PR KR IF R B T R e, RN BRI RS
TR, IFFMETE R E R A (PDA)

SPAD {9l & « 76 E KA oGk e R 4L G, EBUR
ARG B I 0 U A A R s A — A5 a5 0 B A
TR AL —AD FEAT I E W TR e R A . BT
YRz iy SPAD {8, #4432 if G 1 i SPAD fH 1y
PIEVE %20 SPAD (. I 4% R 1 A A L ik A w4
FE I SPAD-502,

R B E . W T HETE NI &R EWILT
AT T ARG G % 4R A R S Y Tk 2k Ay Sy = A R
R, RGN T =R A T AR SRR R AL I
Sk LR RS R R R R SR R, NI
A 10 658 7 $5e A O B 2 AR B
1.3 HiEgE

F*H Excel 2019 it MATLAB 14.0 (The MathWorks.,
Inc. , Natick, MA)ZKF 47 3% F i ALY & % 3% 48 B0 11 55
kAl i H SigmaPlot 12.5 Fl MATLAB # { # 17 il I .
I JH R B 10 D6 1% S 5 A AR T 0 © R RO 1k 4R B, IR T 4R
MG 75 %0 AR ST, 25 % F AR B 55 . fE
PE RBCRY) . ¥ 5 1% 22 (RMSE) Fil I — 46 2 J5 M 3% 22
(NRMSE, %) Hi WU AE 71 /) 22 5 A 10 ) £ 8 . R®
. RMSE #l NRMSE % /)y, 32 B AL AL AL 0 0 5 i 4 3 &
B ARG VR A M
1.4 SEiEkiEgaMmik

PNFR T T 5 19 = 28 T AR 3% 8 0 4% 0 6 8 — 1 TET AR
WBEATHAL . B, A m AR R, S % Li %Y
3 al Fo TV SR BT T 9 Btk . #4406 S5 8 (Roro)
FE LT A0 S 3 (Roso ) BEE 7E 680~ 800 nm 2 [] JA T 34 9% 3
FER P B Gy A T P Ak = A R T AR 48 B (OTVD,
HU ik T CATIRE. ¥ B4 L. TR & 7E 650 ~800
nm Z[A], 382 T E AT R P U B A 45 4T B B4 T R AN R
BN Y TETER A T A 1O Ak i 4 R I iR 43 48 3 (OCAD
I 5+ X NDDA 48 8#47 17 ik 75— B S EOU R 675~
750 nm Z (8] (4 B A B AT 40, 5 A v AR K A 4
T AR R T BRI LU AR g T R A e TG AR — b 22 fE 48 5K
(ONDDA),



926 ik 56 4

842 %

R1 RERH

Table 1

Spectral indices

DI E ¢

ik S

BV HIATRAE S
Triangular greenness index (TGI)
Triangular chlorophyll index (TCI)

Triangle vegetation index (TVI)

Modified triangular vegetation index 1 (MTVI1)

1.5 X [1. 2X (Rgoo — Rs00) — 2. 5 X (Rg70 — Rs50) ]

—0.5[(670—480) (Re70 — Rs350) — (670—550) (Re70 — Rugo) ]
1. 2(R700 —Rs50) — 1. 5(Re70 — Rs50) (R0 /Re70) 5
0. 5X[120X (R750 — Rs50) —200 X (Rg70 — Rs50)
1. 2X[1. 2X (Rgoo — Rs50) —200 X (Rg70 — Rs50) ]

Hunt et al. (2013)
Haboudane et al. (2008)
Broge and Leblanc (2000)
Haboudane et al. (2004)

Haboudane et al. (2004)

Modified triangular vegetation index 2 (MTVI2)

Optimized triangle vegetation index(OTVI)
It R ST AR A
Chlorophyll absorption ratio index (CARD
Modified chlorophyll absorption reflectance index (MCARI)
Modified chlorophyll absorption reflectance index 1 (MCARII)

1. 2X[2. 5X (Rgoo — Re70) — 1. 3X (Rgpo — Rs50) ]

0. 5X[(A2=550) X (RA1 —RA2) — (RAz — Rs50) X (A1 —A2) ]tV

[R700 X abs(aX 670+ Rs70 +6) 1/ Re70 X (% +1)0-5L2)
[(Rmo —Re70) —0. 2(R700 _RSSO)](RW)O//RG?O)
1.2X [2. 5X (Rgoo —Rg70) — 1. 3X (Rgoo — Rs50 )]

(2X Rgoo +1)2 = (6 X Rgoo —5 X +/Rg70 ) —0.5

Lietal. (2013)

Kim et al. (1994)
Daughtry et al. (2000)
Haboudane et al. (2004)

Haboudane et al. (2004)

Modified chlorophyll absorption reflectance index 2 (MCARI2)

MCARI (705, 750)
Transformed chlorophyll absorption reflectance index (TCARI)
TCARI (750, 705)

Red-edge absorption chlorophyll area(RECA)

Red-edge absorption valley area (REA)
Optimized red-edge absorption valley area (OREA)

Normalized area over reflectance curve (NAOC)

Chlorophyll absorption integral (CAI)

Optimized Chlorophyll absorption integral (OCAD

USRS
Area under curve Normamised to Maximal Band(ANMB)
Double-peak canopy nitrogen index (DCNI)
Optimized double-peak canopy nitrogen index (ODCNI)
Difference index of the double-peak areas(DIDA)

Ratio index of the double-peak areas(RIDA)
Double-peak areas based on REP division(NDDA)

Optimized double-peak areas based on REP division(ONDDA)

[(Rz50 —R705) —0. 2(Rz50 — Rs50) 1(R750 /Rr05)
3X[(R700 —Rs70) —0. 2(R700 — Rs50) (R700 /Re70) |
3X[(R750 —R705) —0. 2(R750 — Rss0) (Rrs0 /R70s) |

1/2 X (Rsgoran — Rego) X AL
15X (3 X Rrgo — Rs30) — 20 X (Reso +2R720)

(R720 = R200) / (Ra00 —Rg70) / (R720 — Re70 0. 03)
(R720 —R700)/ (R700 —Rs70) / (R720 —Rezo +0) s n=[—1+ 1]
(R755 +Reso —3 X R718) / (R7s5 — Reso)

(Ri55 + Rego — 2 X Rrepig) / (Rys5 — Reso )

(2X Rgoo +1)2 — (6 XRg00 —5X +/Rg70 ) —0. 5

Wu et al. (2008)
Haboudane et al. (2002)
Wu et al. (2008)

780

J R Ren et al. (2011)
680 R 730

Guo et al. (2017)

Wen et al. (2020)
b [4]
_ Ju‘()d/\ Delegido et al. (2010)
pmax (b —a)

Jms R, 5]
600 R

'F R, L8]

1

N. Oppelt et al. (2007)

This study

Malenovsky et al. (2006)
Chen et al. (2010)
This study
Feng et al. (2014)

AUCs00— 800 / MBDs00— 500

RSDR
LSDR Feng et al. (2014)

Feng et al. (2014)

This study

(J'l)72(l jlﬂﬁ(? ) Jl)?SU
D675 D721 D675

Note: [1] A1 and A2 stand for the wavelengths in the range of 670~810 nm and R;; and R;» stand for the reflectances of wavelength A; and A2 ; [2] a= (R700 — Rs50)
X150, b=Rs50 —aX 5503 [3] AA= (320X Dy25 +150X D756 — 140 X Dggo) /(7 X D7go +4 X D725) 3 [4] Where o is the reflectance, A is the wavelength, p max

is the maximum far-red reflectance, corresponding to reflectance at the wavelength “b”, and

“a” and “b” are the integration limits surrounding the chlorophyll

well centered at 670 nm; [5] Where R; =reflectance of the vegetation spectrum at band 7 (%), and R,; = reflectance of the envelope at band i (%); [6] E=

reflectance at 650~800 nm; F=reflectance at 650~800 nm.
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Fig. 1 Descriptive statistics of leaf SPAD values

in different growth stages of maize
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Table 2 Coefficient of determination (R?) of the linear relationships between leaf chlorophyll

content and spectral indices in different growth stages

EXP. 1 EXP. 2 EXP. 3
Vé Vi2 vT R3 All V12 VT R3 All VT All
T =M% WA G 48 B
TGI 0. 83 0. 90 0. 95 0. 95 0.92 0. 95 0. 93 0. 95 0. 94 0. 95 0. 94
TCI 0. 81 0. 87 0.91 0.92 0. 88 0.95 0. 90 0.92 0.91 0. 89 0. 89
TVI 0. 35 0.62 0. 86 0. 74 0.59 0.59 0.56 0.74 0.61 0.83 0. 60
MTVI1 0. 37 0. 65 0. 85 0.75 0. 62 0.61 0.55 0.78 0.63 0. 84 0.63
MTVI2 0. 65 0.91 0.94 0. 94 0. 85 0. 88 0.92 0.93 0.91 0. 93 0. 87
OTVI 0. 85 0. 94 0. 98 0.95 0.95 0. 90 0.95 0.97 0. 94 0.95 0.95
e T I 2 2 T B G 3 A 4K
CARI 0.70 0. 35 0. 90 0.93 0. 65 0.92 0.92 0.93 0.91 0. 89 0. 87
MCARI 0. 80 0. 87 0. 87 0. 89 0. 85 0. 94 0. 88 0.91 0. 90 0. 86 0. 87
MCARI1L 0.57 0. 66 0. 85 0.75 0.62 0.61 0.55 0.79 0.63 0. 84 0.63
MCARI2 0. 65 0.91 0. 94 0.95 0. 85 0. 88 0.92 0.93 0.91 0.93 0. 87
MCARI(705, 750) 0.67 0. 83 0. 96 0.93 0. 86 0. 83 0. 90 0. 95 0. 88 0.95 0. 87
TCARI 0. 80 0. 87 0. 94 0. 94 0. 90 0.95 0.92 0. 94 0. 93 0.92 0.92
TCARI(750, 705) 0. 37 0.56 0. 89 0.71 0.67 0. 81 0. 85 0.71 0.79 0. 86 0.73
RECA 0.58 0.73 0.93 0.93 0. 81 0. 85 0. 88 0. 94 0. 88 0.93 0. 84
CAI 0. 38 0. 56 0. 82 0. 88 0.63 0. 93 0. 89 0. 89 0. 88 0. 88 0.67
REA 0.76 0. 88 0.95 0.92 0. 89 0. 86 0.92 0.90 0. 89 0. 93 0. 89
NAOC 0. 81 0.90 0. 97 0.95 0.93 0.92 0.95 0. 96 0. 94 0. 94 0.91
OREA 0. 81 0. 89 0. 97 0. 95 0.92 0. 89 0. 83 0. 96 0.92 0. 95 0.92
OCAI 0. 82 0.91 0. 96 0. 95 0.92 0. 94 0. 95 0. 96 0. 94 0. 95 0. 93
H T POV AL e B LT 5 B
ANMB 0. 69 0. 80 0. 94 0.95 0. 86 0.69 0. 88 0. 94 0. 94 0.93 0. 89
DCNI 0. 64 0.75 0.93 0.91 0. 83 0. 86 0.93 0. 80 0. 85 0.92 0. 84
DIDA 0.79 0. 88 0.97 0.96 0.92 0.92 0. 95 0.95 0. 94 0. 96 0. 85
RIDA 0. 80 0. 87 0. 96 0.93 0. 89 0. 87 0.93 0. 88 0. 89 0.97 0.93
NDDA 0. 82 0. 89 0. 95 0.95 0.92 0.95 0.91 0.92 0.91 0.92 0. 88
ODCNI 0. 65 0.77 0.94 0.92 0. 84 0. 87 0. 94 0. 81 0. 86 0.93 0. 85
ONNDA 0. 88 0. 94 0. 99 0.98 0.96 0.97 0.97 0.97 0.96 0.98 0.96
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Fig. 2 Contour maps of the coefficient of determination (R*) between leaf chlorophyll content and OCAI index
(a): V6 stage; (b): V12 stage; (¢): VT stage; (d): R3 stage
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Fig. 3 Contour maps of the coefficient of determination (R*) between leaf chlorophyll content and OTVI index
(a): V6 stage; (b): V12 stage; (c¢): VT stage; (d): R3 stage
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Fig. 4 Contour maps of the coefficient of determination (R?) between leaf chlorophyll content and ONDDA index
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Fig. 5

The linear relationship between leaf chlorophyll contents in four growth

stages and the top 6 spectral indices of estimation ability
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Fig. 6 Comparison between observed and predicted leaf chlorophyll contents based on six spectral indices
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Table 3 Characteristics of the regression between

observed and estimated SPAD values

Spectral index R? RMSE NRMSE/ % Slope
TGI 0.928 2.543 4.585 0.917
TCARI 0.912 2.794 5. 077 0.907
ANMB 0. 845 3.951 7.099 0.951
OTVI 0. 936 2.403 4.116 0.973
OCAI 0. 939 2.359 4.012 0.922
ONDDA 0.943 2.285 3.938 0.996

SRR T U0 A B VR 10 TR AR MG B R RO A A Ol A Y R
BER g o (HE — 20 U A TR Y A S a0 B 2 58 IE A B IE W]
SE I PEFRS E M IS R M i SR R B A S T = A

B/Z ONDDA $5 5 i) R IR B i 19 . A & B ARy RMSE
A NRMSEY% . 43514 2. 29 A1 3. 94% . 3f Hii i3 ONDDA 4§
BRSO 5 S A O R AR R BT 1,
0.996(F 3, E6). NI HFRILEREKE, =AM m M
STk 8 HCHS R AR R ok ks A, {H OCAT #
OTVI 5 $H 2 90 f 17 19 0k B 41 & I ) B0 2 3 6000 1 S
(B 7). X —ZERIAESL T OCAT Fl OTVI 48 £ 78 H 0 - H- i
LR RAUR I B B B R — ot XN — ok
B, M RAERE Y N B IR, S R R, AR
ST OGRS B Bl g A R X — &
PR BE T TR IT 1 1 AR T 18 B AR BF 98 AS W) 25080 48 h 3R
WHRZEMIL . 5 OCAL H OTVI #5540 1. ONDDA #8 %%
oAk BB B 414 3 AR 2 (B 7, I B2 BT AT BOHE S



%3

JE VTS . T AL T BG4 B oK R i A S 931

ONDDA 58 bE Ho A B %2 2 BOLIE 48 805 ok it 7 b 5y
YRR PR . &5 R — I SR B e i R R R
AR R AR .

e T AT AR Y D' 35 0 ) oK A R Al I A
TSR T — A~ Do 39— 4F 0% 1 1A e i » BLAG = s i =
Al R B TR I R o SR AR E A AR R RS

JEE o T HL % 4 RO A I 3 K R I 2 K I 32 A i I
(OB AR N S R U AN RPN D R E = N N R g0
A I A A DR BE AR R 3 HLAS RGBT O B 5 K
A LA IR A BRI . LR A TR AR, AL i 18
% ONDDA 5 i J 20 2 55 i i 8L & HOR I i » R* 35 0. 94,
U AN S 9 RMSE #1 NRMSE Y B/ 43 51 2. 29

L AR AESXAAFREDZE TS0 PRSI 3894,

AR W bR R MR & ae .
34 1

A Te) TG AR B 125 ) D 115 8 0 35 0 i I 4 3Rk A TR
References

[1] Sun]J, Yang ], Shi S, et al. Remote Sensing, 2017, 9: 951.

[ 2] Verrelst J, Malenovsky Z, Van der Tol C, et al. Surv. Geophys. , 2019, 40; 589.

[ 3] Houborg R, McCabe M F. Remote Sensing, 2018, 135, 173.

[ 4] LiDong, Cheng Tao, Zhou Ai, et al. SPRS Journal of Photogrammetry and Remote Sensing, 2017, 3: 117.

[5] GuoBB, QiSL, Heng Y R, et al. European Journal of Agronomy, 2017, 82; 113.

[ 6] WenP, Shi Z, Li A. et al. Precision Agriculture, 2021, 22(3): 984.

[7] Liu Y, Cheng T, Zhu Y, et al. Proceedings of the International Geoscience and Remote Sensing Symposium (IGARSS2016) .
2016, 7362.

[ 8] Feng Wei, Guo Binbin, Wang Zhijie, et al. Field Crops Research, 2014, 159: 43.

[ 9] Houborg R, Fisher ] B, Skidmore A K. International Journal of Applied Earth Observation and Geoinformation, 2015, 43 1.

[10] JI Tong, WANG Bo. YANG Jun-yin, et al(%l #. E . HEH. %). Spectroscopy and Spectral Analysis(5i 225 6 15% 40 #7)
2020, 40(8): 2571.

[11] Li Fei, Mistele Bodo, Hu Yuncai. et al. Agricultural and Forest Meteorology, 2013, 180 44.

[12] Kira Oz, Linker Raphael. Gitelson Anatoly. International Journal of Applied Earth Observation and Geoinformation, 2015, 38 251.

[13] Hasituya, Li Fei, Elsayed Salah, et al. Computers and Electronics in Agriculture, 2020, 173; 105403.

[14] ChoE A, LeeJ Y, Lee S G, et al. The Journal of Animal & Plant Sciences, 2016, 26(4). 963.

[15] Friedman J M, Hunt E R, Mutters R G. Agronomy Journal, 2016, 108(2). 822.

Estimation of Chlorophyll Content in Maize Leaves Based on Optimized
Area Spectral Index

TANG Yu-zhe, HONG Mei, HAO Jia-yong, WANG Xu, ZHANG He-jing, ZHANG Wei-jian, LI Fei”

College of Grassland, Resources and Environment, Inner Mongolia Agricultural University, Inner Mongolia Key Laboratory of
Soil Quality and Nutrient Resources, Inner Mongolia Agricultural University, Huhhot 010018, China
Abstract Spectral index is an important means for real-time estimation of crop leaf chlorophyll. The comprehensive use of
spectral technology for real-time and effective diagnosis of crop nutrients is conducive to accurate crop management, ensuring
yield and reducing environmental pollution, improving fertilizer utilization, and providing a new way for quantitative estimation
of crop biochemical components. However, the estimation results are not satisfactory due to the influence of environmental
conditions and internal biochemical components. In order to further improve the anti-interference ability and sensitivity of
spectral index in estimating chlorophyll content of crop leaves. In this study, field experiments with different nitrogen gradients
were carried out in typical corn-growing areas of Inner Mongolia in 2020. The spectral reflectance and chlorophyll value of leaves
were obtained at four key growth stages of corn. The relationship model between the spectral index and chlorophyll value of
leaves was established based on area, and the spectral index was optimized and evaluated. It provides an important theoretical

basis for the diagnosis of chlorophyll content in maize leaves and an accurate grasp of the nutritional status of crops in a larger
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area in the future. The results showed that the growth period significantly affected the relationship between area spectral index
and leaf chlorophyll value. The published area-based spectral index had a poor estimation effect on leaf chlorophyll content at the
seedling stage, but had the best estimation effect on the tasseling stage. In this paper, the area spectral index based on the
optimization algorithm significantly improves the accuracy and stability of spectral index in Estimating Leaf Chlorophyll content.
The optimized triangle vegetation index (OTVI), optimized chlorophyll absorption integral index (OCAID) and optimized bimodal
area normalized difference index (ONDDA) based on the optimization algorithm have stronger performance than the published
area spectral index at different growth stages, the coefficient of determination R* is between 0. 94 and 0. 99. Compared with
OTVI and OCAI, ONDDA is more stable in estimating the chlorophyll content of spring maize leaves at different growth stages.
The coefficient of determination R* of prediction model validation results is 0. 94, and the validation error is the smallest, RMSE
and REY are 2.29% and 3.94%, respectively. The validation slope of the model estimated value and the measured value is
0.996, the closest to 1. In conclusion, ONDDA is a practical and suitable area spectral index for estimating leaf chlorophyll

content at different growth stages.

Keywords Corn leaf; Chlorophyll content; Area spectral index
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